This paper investigates the role of foreign language skills in the Visegrad Four countries' labour markets using data obtained from key online vacancy boards in these countries and from an online wage survey. Firstly, it considers the demand for language skills based on vacancies and then builds on this information by analysing the wage premium associated with foreign language skills on the occupation and individual level. The results indicate that English language knowledge is highly in demand in the Visegrad region, followed by the command of German language. Particularly, English proficiency appears to be correlated with higher wages, when controlled for common wage determinants in a regression.
Introduction
In a globalised world, where countries are firmly engaged in international trade, investment and migration, knowledge of foreign languages is an important skill. Especially in Europe, foreign language skills are considered a major asset-not only because of globalisation but also due to the continent's inherent linguistic diversity. Many efforts have, therefore, been done to promote foreign language acquisition and multilingualism and to better understand how this can be facilitated (Eurydice/ Eurostat 2012) . Initiatives such as the Erasmus ? programme and the Creative Europe programme are only a few examples. This focus on foreign language skills is motivated by the role of language skills for everyday life (as a means to communicate, interact with others, bridge intercultural gaps etc.), and their significance in Europe's labour markets more specifically. Esser (2006) , for example, examines the link between language and human capital. Other work has analysed the relation between language skills and employability, and reports that this relationship is positive (ET2020). Moreover, foreign language skills are crucial for labour mobility and labour market integration.
Although the importance of foreign language skills has been widely recognised, studies on the supply and demand of these skills have only started to emerge in the last two decades (Antonietti and Loi 2014) . The economic literature has mostly discussed the topic of language in relation to migration and trade, from both the aggregate and individual perspective (Antonietti and Loi 2014; Isphording 2015) . The supply of foreign language skills is typically measured on the basis of interviews and surveys. According to a Eurobarometer survey conducted in 2012, 54% of Europeans speak at least one other (foreign) language, in addition to their mother tongue, while 25% can speak at least two foreign languages and 10% at least three (Eurostat 2012). These results further show that at least half of the population cannot speak any foreign language well enough to hold a conversation. 1 Meanwhile, foreign language proficiency appears to be even less common in the Visegrad countries than in the EU (as reported in Table 1 ).
Nevertheless, even in those countries, foreign language skills are demanded on the labour market. In fact, when it comes to labour demand, previous research has confirmed that the demand for foreign language skills is on the rise, and that this trend is likely to continue in the future (see a.o. ET2020 2011; Antonietti and Loi 2014; Isphording 2015) . This development is driven by the multilingual and multicultural environment in which firms increasingly operate, the global competition that they face and their aim to broaden their market access (ET2020 2011). It is also an important factor facilitating mobility of workers on the single EU labour market (Barslund and Busse 2016) .
In our paper, we contribute to this literature and focus on the importance of foreign languages in the labour markets in Central and Eastern Europe. Specifically, we examine how common it is for employers to require foreign language skills in their job advertisements and whether proficiency in foreign languages is rewarded with a wage premium.
We discuss the case of the Visegrad Four (V4), which is composed of Czechia, Hungary, Poland and Slovakia. We selected the Visegrad Four because we are interested in the role of foreign language skills on the labour markets in countries that are open to international trade and foreign investors, but where the population's language skills may not be very well-developed. During the last two decades, the economies of the V4 countries have grown considerably, attracting substantial amounts of foreign direct investment (FDI). The FDI-driven nature of growth resulted in a deep integration of the V4 economies in European and global capitalism. The regional bank sector is dominated by foreign-owned banks (typically Western European), multinational companies established shared service centres in all major towns of the region, and the V4 countries are very active in international trade. 2 The openness of the V4 economies creates demand for workers capable of communicating in foreign languages, particularly English-the lingua franca of international business (Sanchez et al. 2011) .
In addition to English, German and Russian have historically been widely taught and used in the region. The importance of the Russian language has diminished somewhat since the end of the Cold War, but Germany remains the most important trading partner for all four V4 countries. Additionally, Germany and Austria are major sources of FDI into the region. FDI transfers from German-speaking countries (Germany, Austria) have been very visible in the field of manufacturing and, while initially outsourcing entailed mainly manual work, it now also includes outsourcing of skill-intensive activities (particularly since the 2004 EU enlargement) (Marin 2010) . Given the strong mutual integration of the four Visegrad countries, languages spoken in one of the other V4 members can also be relevant (e.g. for cross-border labour mobility). Yet, out of the ten countries in which at least 50% of the population is unable to hold a conversation in a foreign language, five are located in Central and Eastern Europe and three are part of the Visegrad Four. For three of the countries, the main national language is not among the five most widely spoken languages in Europe (Polish shares the fifth position with Spanish). Our focus on the V4 countries is further motivated by the strong embeddedness of the region in the global division of labour and their position in global value chains, which allows us to gain new insights into the role of languages in the contemporary economy.
In order to examine which foreign language skills are demanded on the V4 labour markets and whether knowledge of these languages would result in a wage premium, we combine data obtained from online job portals with data from the WageIndicator survey. The WageIndicator survey (WI) is a continuous, voluntary web-based survey of wages and working conditions. For our purposes, it is 2 In Slovakia, exports in goods and services as a percentage of GDP amounted to 93.5% of GDP according to Eurostat data for year 2015. For Hungary, the share was 90.7% and for Czechia it was 83%. Only Poland is a partial exemption here, due to its relatively sizable internal market. For Poland, the share of exports in goods and services represented 49.6% of GDP in 2015. Empirica important that the wage data are available at the occupational level, coded at the 4-digit ISCO level, which makes it possible to connect data on the occupation level with the job portals data. Furthermore, since September 2015, the WageIndicator survey has been gradually enlarged by variables on language proficiency, which allows us to perform limited exploratory statistical analysis on the individual level as well.
The four job portals that we use for our analysis each have an interesting feature: each of them offers the option to select vacancies according to the demand for individual languages (e.g. the Slovak job portal also its users to select vacancies that require English language skills). This feature considerably facilities data extraction. Most job portals, however, do not have this feature. Instead, selection is normally limited to criteria such as income bracket, region, minimum education attainment etc. Because we were able to use the information about language requirements for each vacancy, normally coded by the prospective employer, we could avoid the need to work with the entire text of the vacancies (i.e. the job description) and having to deal with identification of skill requirement, which is typically a painstaking process (Beblavý et al. 2016a; Mýtna-Kureková et al. 2015a) .
The remainder of this paper is structured as follows. In the first section, we review the literature on the role of foreign language skills on the labour market. In the second section, we describe our data sources' composition and limitations and elaborate on the methodology used. Thirdly, we provide a descriptive and statistical analysis of our data. The final section presents a discussion of the results and conclusion.
Literature review
Our analysis of employers' demand of foreign language skills in the Visegrad region is embedded in the literature on the role of language in the economy, which has been surveyed fairly recently by Zhang and Grenier (2013) . Their main argument is that traditional research on the relation between economics and languages can be distinguished into three strands: the first strand deals with language and economic status, the second strand covers the dynamic development of languages (from an economic perspective) and the third strand addresses language policy and planning (also from an economic perspective). Since the 1990s, these three strands have been supplemented by applications of game theory to model linguistic issues (Zhang and Grenier 2013) . The game theory approach has become very popular, particularly for study of the bilingual labour markets (Armstrong 2015) . Antonietti and Loi (2014) organise this literature into three subject areas: immigration, international trade and firm performance.
In our work, we are especially interested in empirical work that bridges the gap between globalisation, labour and the historical context, as all these factors come into play in the Visegrad Four. Many recent contributions are dedicated to the relationship between language skills and trade or foreign direct investment. Kim et al. (2015) investigate the link between language and FDI, finding a robust, significant relationship between them. Oh et al. (2011) explore the transaction costs that exist between country pairs that do not speak the same language-with a focus on English, French, Spanish and Arabic-and compare the transaction costs related to trade and FDI for these four languages. Their results suggest that speaking a common language raises both trade and FDI, but appears to have a larger impact for the former than the latter. They also detect a common hierarchy in transaction costs for both phenomena: transaction costs are the lowest for English, followed by French, Spanish and Arabic. Another important contribution on this topic is the work of, which looks into the channels through which foreign language skill influences trade (Melitz 2008; Melitz and Toubal 2014) .
The relation between language and migration has also received a lot of attention. Yao and van Ours (2015) examine the importance of Dutch language skills for immigrants in the Netherlands. They only find an effect on working hours for female immigrants. In another article, Budria and Swedberg (2015) assess how immigrants' Spanish language proficiency affects their earnings. The discovered effect is very high for highly educated workers, but negligible for uneducated workers. Rooth and Ekberg (2006) relate language skills to occupational mobility in Sweden. The results suggest that upward mobility accelerates among those who have invested in a Swedish academic education or destination-specific language skills. Bleakley and Chin (2004) indicate that language is a social and economic barrier that separates immigrants from natives. Migrants with poor language skills often face discrimination and social isolation. Finally, Chiswick and Miller (2010) investigate the demand for English in the United States. They find a stronger relation between proficiency in English and intra-occupational earnings differences than between proficiency in English and inter-occupational differences.
Yet another set of papers considers historical and cultural ties to explain why certain language skills are (still) relevant on the labour market. As an example of this work, we list two papers that cover Russian language skills in countries in Central and Eastern Europe. Lindemann and Kogan (2013) discuss the issue of language proficiency in labour market entry among young workers in Estonia and Ukraine. In Ukraine, being able to speak Russian-besides the national languageappears to be much important than in Estonia. This difference can be attributed to disparities in the immigration history of the Russian minority population and the language prevalence in both countries. In another contribution, Duncan and Mavisakalyan (2015) consider the importance of Russian language skills on the labour market in Armenia, Azerbaijan and Georgia for the period 2008-2010. In these three countries, the Russian language is still commonly used in everyday life. The authors confirm that speaking Russian is a valued skill on their labour markets.
Closer to our research is the literature that examines the importance of language skills in specific occupations. Maxwell (2010) , for example, analyses the role of English language skills in low-skilled jobs arguing that workers with a limited knowledge of the English language have less employment opportunities and lower wages. For the case of Germany, Stöhr (2015) examines the wage premia of occupational language requirements and finds a systematic premium for English only, not for other languages. Another example is the paper by Coombs and Cebula (2009) , who study the rewards for language skills for registered nurses in the United States but find mixed results. In a related study, Beblavý et al. (2016a) examine the skill demand of U.S. employers on the basis of a sample of advertisements extracted from Burning Glass, identifying the explicit demand for language skills in 16% of the vacancies. Another interesting article is Mýtna-Kureková et al. (2012) . These authors consider the demand for a range of skills for 23 low-to medium-skilled occupations in Slovakia. They find that knowledge of foreign languages is explicitly demanded in 38% of the vacancies, making it is the second-most-demanded requirement. Interestingly, this skill is important, even for low-and medium-skilled jobs performed on the domestic market.
Data and methodology
Our main data source are popular online vacancy portals in the four analysed countries. In fact, we do not analyse the content of these vacancies as such but instead work with the meta data available on the job portals. Online job portals are increasingly used as a data source for the labour market research (Carnevale et al. 2014 , Kuhn 2014 Kuhn and Mansour 2014; Askitas and Zimmermann 2015; Mýtna-Kureková et al. 2015b ). While analysing online vacancies is a relatively new trend, it builds upon an existing empirical literature based on an analysis of traditional, printed job advertisements (Jackson et al. 2005; Jackson 2007 ; Dörfler and van de Werfhorst 2009). Nonetheless, the literature warns that this web-based source may not be completely representative, given that not all job vacancies are published online and white collar jobs vacancies tend to be overrepresented on online job boards (Carnevale et al. 2014; Mýtna-Kureková et al. 2015b) . For that reason, job vacancies are a good source to understand skill requirements for individual occupations, but not necessarily to estimate the number of vacancies on the market (Leithart 2013) . In other words, online vacancy analysis may provide valuable insights for a specific research setting (such as skill demand for a set of occupations), yet it results cannot be generalised. While data representativeness has been put forward as a major concern in this young though rapidly developing discipline, few solutions have been put forward (Štefánik 2012; Mýtna-Kureková et al. 2015b; Beblavý et al. 2016c ).
Our approach differs from the common methodology in that we focus on the meta data-the tag system that job portals use to structure the vacancies-rather than performing an analysis of the vacancies themselves. This approach is explained in more detail below. While an analysis of the text of the vacancies provides more detailed information, tags are easier and faster to collect, process and analyse than vacancies (precisely because sample sizes are smaller, yet essential information is still available). More specifically, for each of the Visegrad countries, we extracted data from a major online job portal (all are presented in Table 2 ). These job boards were not chosen randomly but instead selected after a careful analysis of their labour market coverage. We looked for job portals that are dominant players in their respective national labour markets and have been previously used as a source of data by local scholars (Beblavý et al. 2016d; Bohmova and Pavlicek 2015; Szabó 2011; Chmielecki 2013) . For example, the Slovak portal www.profesia.sk that we use has a market share of over 80% (Š tefánik 2012). The Czech board www.jobs.cz belongs to the dominant player in the online vacancy boards sector (Management News 2016) .
The four job boards that we used are listed in Table 2 , together with the total number of vacancies that was available on each of them when we first extracted our data (July 2015). In total, the four portals contained approximately 74,000 vacancies. The Czech job board counted close to 15,300 advertisements, the Hungarian portal covered about 11,200 vacancies, the Polish job board published about 36,000 advertisements, and the Slovak portal had close to 11,300 vacancies. For reference, we added the number of job advertisements available in quarter three of 2015 as reported by Eurostat (the data were not seasonally adjusted, derived from national statistical offices). Apart from Czechia, for which a very large number of vacancies was reported on Eurostat, it appears that the share of vacancies available on the job portals we use is quite substantial. Note, however, that these data are not fully comparable as the Eurostat data refer to a 3-month period while the vacancy counts were obtained at a single point in time. More details on these vacancy counts, and the extent to which they may be influenced by seasonal dynamics, is provided below.
Each of the four job portals uses a system of tags to organise individual job advertisements into clusters. 3 Clustering facilitates the search process, as this allows users to select, for example, only those vacancies requiring specified language skills or only those for specified occupations. It is important to note here that tags are not disjunctive groups: a single job advertisement could indeed be mapped into several occupations or can, for instance, call for knowledge of multiple foreign languages (e.g. a vacancy that would call for English and German language skills would carry two foreign language-related tags: 'English' and 'German'-by tracking these tags, we can obtain information about skill demand more easily than if we would have to examine the full text of the vacancy instead). We therefore considered these tags as a proxy.
Our analysis is composed of two important steps. First, we consider the total number of vacancies offered on each of the four job portals as well as the number of vacancies offered with a tag that refers to foreign language skills. For each country, we calculate the share of vacancies requiring individual language skills out of total 3 See the ''Appendix'' for technical details about how we obtained a list of tags from the individual portals.. Empirica number of vacancies. Here, we do not focus on individual occupations but rather examine the aggregate demand for foreign language skills. As a next step in our empirical analysis, we concentrate on the foreign language requirements for individual occupations in each of the V4 countries. Our aim is to arrive at a set of occupations that are present in all Visegrad countries and for which we could find a sufficient number of advertisements. To this end, we refine our analysis in the following way: For each Visegrad country, we remove the occupations for which fewer than 30 vacancies are published on the job portal. Thus, we no longer consider 11% of the job advertisements published on the Czech portal; for the Hungarian, the Polish and the Slovak job boards the corresponding percentages are 7, 12 and 9%. As a second step, we matched the occupations across the countries, which proved to be a rather difficult task. First, we translated the occupations (their occupational titles) to English and then compared them across the Visegrad group. Occupations that were not represented in each of the four countries were dropped from the sample immediately. Then, we mapped the occupations that were present in all countries into each other. For some occupations, this was relatively easy because there was only one suitable match in each country. For other occupations, more than one possible match was found. The reason why this can occur is that an individual occupation or tag in one country (portal) can be split up into several occupations or tags in the other countries (portals). For example, the tag 'teacher' -which is represented by a single tag in Czechia, Hungary, and Slovakia-is split into two tags, 'teacher' (Nauczyciel) and 'instructor' (Wykładowca), in Poland. Another example is that of programmer, for which a job portal can use multiple tags to distinguish between JAVA programmers, Python programmers and other programmers (whereas other job portals simply attach the 'programmer' tag to all sub-groups). In these cases, where multiple possible matches arose, a weighted average was calculated (weights equal to the number of job advertisements by occupation).
Altogether 59 occupations were identified as being sufficiently represented in all four countries (both in terms of the number of available vacancies and presence across the countries, although in some cases combining several tags). After identifying the 59 occupations, we return to the four job portals and extract the amount of vacancies available for each of these occupations as well as the amount of vacancies that demand certain foreign languages (i.e. that are tagged). From these numbers, we calculated the share of English and German languages, because only these languages we find relevant in the analysis of the entire sample of job vacancies. In the hypothetical example that the Slovak job portal would have 500 job advertisements for the 'teacher' occupation (i.e. 500 vacancies are tagged 'teacher'), of which 150 would also be tagged 'English' (i.e. 150 carry the tags 'teacher' and 'English'), the share would be 0.3.
Finally, we analyse the relationship between foreign language demand and wages. Unfortunately, there is no publically accessible representative data source that links proficiency in foreign languages to wage variables (on the occupation or individual level). While the Adult Education Survey, organised by Eurostat, has information on foreign language proficiency and wages, the wage variable contains only deciles, as opposed to specific amount, and the data are only collected in 5-year intervals. More importantly, the occupation variable is not coded on the 4-digit level. Meanwhile, the online-based WageIndicator (WI) survey has the required variables, but out of the V4 countries it only covers Czechia and Slovakia with a sufficient sample. While this data source is not representative, it generally deemed reliable for exploratory research and, therefore, serves our purposes (de Pedraza García et al. 2010; Tijdens and Steinmetz 2016) . Our wage data are based on the median hourly gross wages, obtained from the WI web surveys collected from the beginning of 2013 until the end of the first quarter of 2016. We correlate the median wage in the occupation with the demand for foreign languages in that occupation.
From September 2015, the WI survey also contains the question ''In which languages are you skilled?'' with answers ''Not at all'', ''Barely skilled'', ''Rather skilled'', ''Skilled'' and ''Mother language''. The question is asked for the English, Spanish, Russian, Chinese and Arabic languages, thus it does not allow us to study other languages. Nevertheless, the information we can gather for English enables us to increase the robustness of our findings by analysing the relationship between knowledge of foreign languages and wages on the individual level. Unfortunately, the sample size does not allow estimating this relation for individual occupations, which is why we run our analysis for the entire labour market. We base our test on the standard Mincerian earnings function, which predicts the logarithm of earnings (y) based on years of potential working experience and years of education (Mincer 1974) . Formally, the Mincer equation is represented as follows, with S being the year of schooling and X years of potential working experience:
On top of the Mincer's predictors, we added dummies for English proficiency (with categories 'skilled' and 'native speaker' merged due to the low number of native speakers), gender, residency in the capital city, sector of employment, supervisory position, size of the company, occupation 4 and whether the respondent is in Slovakia or Czechia (more details on what variables are included in what model are provided in the next section). Using the Mincer function is a technique that has been used in the context of estimating value added of language skills particularly in the research of focusing on migration and multilingual countries (see e.g. Chiswick and Miller 1999; Constant et al. 2012) . To the best of our knowledge, we are not aware of any study that used this technique in the context of the foreign language skills in the Visegrad region.
Results
First, we looked at the number of vacancies that do not require foreign language knowledge. Of the job advertisements published on the Czech portal, 38% are tagged ''does not require any foreign languages''. This share is equal to 25% for Hungary and 43% for Slovakia. Nonetheless, the relatively low number in the Hungarian case can be explained by the fact that not all vacancies are tagged for languages. If the approximately 20% of vacancies with no language tags were tagged as without language requirement, the share would be similar to the Czech and Slovak portals. As no such tag is available on the Polish job board, we do not have information on the share of job advertisements that do not require any foreign language skills in this case (note that we cannot simply calculate this number, as a single job advertisement may have multiple tags). From these percentages it is clear that there are considerable differences between the four countries that make up the Visegrad group. Foreign language skills are more demanded explicitly on the Hungarian and Czech labour markets than in Slovakia. We can only capture those job advertisements that are explicitly tagged, not those where foreign language skills are implicitly demanded. This is an important caveat that one has to be aware of in any research that is based on vacancy-based analysis. In addition, foreign language skills do appear to matter to employers, as they are explicitly requested in more than half of the vacancies. The tags, therefore, do appear to have a signalling function.
We then focus on the individual languages, first at the regional level and then at the country level. When we consider all job advertisements at once (for the Visegrad region as a whole), we notice that 52% of them require English language skills, 12% demand German language skills, 2% list French language skills and less than 2% request Italian, Spanish or Russian language skills. However, these aggregates likely hide differences between the countries and could certainly be affected by the number of vacancies for each country. For these reasons, we also look at the percentage of job advertisements within each country that comprises these language demands.
Interestingly, in all four countries English is the most frequently demanded language. Nonetheless, there is significant variation between countries. 28% of the Czech vacancies refer to English language skills, 64% of the Polish advertisements demand English language skills. For Hungary the share is 39% and for Slovakia it reaches 49%. German is the second most demanded language in all countries of the V4. For German, the shares seem to differ to a smaller extent. Across the four countries the share of advertisements with German language demands ranges from 10% in Czechia to 15% in Slovakia (again, this means that on the four job portals, between 10% and 15% of all advertisements published is tagged ''German''). Even though French, Italian and Spanish are used extensively in the European Union, these three languages are hardly demanded in the Visegrad labour markets.
These percentages should be interpreted with some caution, as they might reflect seasonal dynamics (as indicated above, our data were collected in the month of July). To rule out seasonal dynamics, we contacted each of the job boards to inquire about the statistics for the entire year 2015. The Slovak job board informed us that 46% of the vacancies required English, while 14% required German. In Czechia, the 10% share of vacancies for German was confirmed, but the share for English was reported to vary between 28 and 59% depending on whether the vacancies were supplied by public employment agencies or employers. The Hungarian portal reported that 55% the vacancies demanded English or German, 10% specifically requests English and 2% specifically call for German. We could not verify whether this suggest that German can be understood as substitute for English, or not. We unfortunately did not receive any further information from the Polish job board. Overall, these numbers are largely in line with our initial results.
We then focus our attention at the demand in individual occupations, for which results are presented in Tables 3 and 4 below. Table 3 shows the share of vacancies for each country that carry the tag for English language skills (ISCO codes 1-3). Table 4 depicts similar results, but for the low-and medium-skilled occupations (ISCO codes 4-9). In both tables, the five occupations in each country with the highest percentages are marked with a shaded background (i.e. we use country share rather than regional shares).
From Tables 3 and 4, we derive that it is relatively high in those occupations which ISCO codes start with 2 or 4, the professional and administrative occupations. Meanwhile, we detect low demand for positions involving manual work. Another interesting result is that particularly in Poland, some of the ISCO 7 occupations, denoting craftsmen, show a relatively high demand for English language skills. This may indicate that these workers are employed by foreign employers or that they work abroad. 5 To further show the diversity of language, we split the occupations into three groups, where the first one contains occupations that most often require the job candidate to be skilled in the English language, while the third group contains occupations where such requirement is rare (see Fig. 1 ). More specifically, we first gather all available vacancies for each occupation (so bringing together the vacancies available in all four countries) and calculated the share of vacancies that requests English language skills. This gives us a single number for each occupation and allows us to rank occupations according to their demand for English. We rank the occupations from high to low, identifying two cut-off points (on the basis of percentiles). This enables us to distinguish between three groups, which we have labelled 'highest', 'intermediate' and 'lowest'. Note that within each group, occupations are still ranked on the basis of their share, meaning that the occupations towards the top of each bar report higher shares than the occupations towards the bottom.
Once again, we show that the demand for English language skills is the highest in managerial, professional, technical, administrative and IT-related occupations. On the lower side of the distribution, we mainly find manual labour jobs (Fig. 1) .
Additionally, we calculated requirements also for the German language. We use the same strategy as for the English language skills. In this case the results are noisier, because the variance is much smaller, as no occupation in neither of the analysed countries was found to contain at least 50% of vacancies requiring German. Nonetheless, we have discovered some interesting results. Firstly, the demand for English is higher than the demand for German across countries and occupations. Only in 14 of the 236 occupation-country combinations, more advertisements request German than English. These are all artisan occupations, particularly welders and locksmith. The only exception are Slovak nurses, where the demand for German is higher by 13 percentage points than the demand for English. This largely reflects the high level of circular migration of Slovak nurses to the German-speaking countries, in particular Austria (Bahna 2014) . In general, the demand for German does not seem so dependent on occupation complexity, as it is in the case of demand for English. We find several 'manual' occupations in the group with the highest demand for language skills (Fig. 2) . The five occupations with the highest shares in each country are indicated in italics Empirica For two of the Visegrad countries, the Czechia, Hungary and Slovakia, we were able to find data on the hourly wages (expressed in the national currency) for some occupations. These wage data are based on the median hourly gross wages, obtained from the WageIndicator web surveys collected from 2013 through 2016. Our data cover 29 occupations for Czechia and 25 occupations for Hungary 27 and occupations for Slovakia. 6 There is a clear positive correlation between the shares of vacancies that require English and wages in all three countries (Fig. 3) . It is the strongest in Czechia, where each additional 10 percentage points demand for English is connected with additional 50 cents of hourly income, followed by Slovakia, where the value is about 35 cents and Hungary, where more linguistically demanding occupations result in a premium of only 20 cents per additional 10% points vacancies demanding English. The correlation between the German language demand and wages is much weaker in Czechia and even negative for Slovakia. Interestingly, it is very strong for Hungary, resulting in a premium of 1.15 euro for an additional 10 percentage points of vacancies demanding German (Fig. 4) . The five occupations with the highest shares in each country are indicated in italics. ISCO
Empirica
Following up on our previous line of thought that much of the demand for German speakers might be for jobs located in German-speaking countries, the lack of monetary premium associated with speaking German might be unobservable on the Slovak labour market simply because the German speakers are collecting it abroad. Finally, with the question about English proficiency recently added to the WI survey, we examine the relationship between English proficiency, on the one hand, and wages, on the other hand, on the individual level as well. The analysis is conducted on data collected between September 2015, when the language question has been added to the survey, 7 and the end of 2016. An important caveat of using WageIndicator data is the potential measurement error in survey-based occupation data. This is a well-known issue that affects surveys in general. Bound et al. (2001) explain that survey responses typically are not perfectly reliable and that even 6 Only occupations with at least 30 observations were taken into consideration. relatively common variables may not be reported without error. For the 'occupation' variable, for example, response errors as well as coding errors happen quite frequently, as occupational classifications can be fairly detailed (e.g. 4-digit level) or may differ across institutes. As the WageIndicator survey is widely used in several disciplines, the issue of measurement error has also been assessed (de Pedraza García et al. 2010; Guzi and de Pedraza 2015) . Although it is clear that the WageIndicator survey may not be fully representative, it has been found to produce estimates of labour market outcomes determinants consistent with representative data sources.
The results of our estimation exercise are presented in Table 5 . We consider three estimation models. In the simplest model (1) Fig. 2 Classification of occupations into three classes depending on the demand for German language skills across the V4 Empirica which is the reference category). However, being rather skilled already appears to result in a 15% earnings premium, while being highly skilled increases the salary by 37%. This model relates wages to experience and experience squared, gender, education, and English proficiency and further includes country and year dummies.
When controlling for the occupation dummies in model (2) (by adding a full set of ISCO dummies to the variables considered in model (1), we see that the coefficient remains statistically significant, yet the size of the premium decreases to 13 and 31% respectively. Finally, when more detailed occupation variables, such as firm size, sector, supervisory position and job being located in the capital city are taken into account, the coefficient decreases to 6% for rather skilled English speakers and 20% to fluent English speakers. Model 1 explains 18.5% of variation Given the limitations of the data source used, the significance of the analysis should not be overstated. Nonetheless, the signs of the estimated coefficients are in line with our initial expectations (and that coefficients are found to be statistically significant across the three models), we can see our analysis as an additional piece of support suggesting that English language skills are important to employers in the countries examined.
Discussion and policy implications
In this paper, we used meta data associated with approximately 74,000 job advertisements published on leading online job boards in the Visegrad countries to analyse demand for foreign language skills. We found that demand is widespread, but limited to two languages: English and to a lesser extent German. The exact degree of demand varies between individual countries and occupations, though we do observe some common trends. Most importantly, our analysis suggests that English is a language of professionals and white collar workers. For these professions it is demanded nearly universally. For working class professions, English language skills seem less needed. These results, however, do necessarily hold for the German language. We report a high demand for German in some professional occupations, but also in artisan and nursing occupations. Additionally, both individual-level and occupational-level analysis show that the English language skill comes with a wage premium. We did not find similar correlation for German.
While we found that learning German can be beneficial for some occupations (in addition to benefits unrelated to the labour market), English is by far the most in demand foreign language. Furthermore, we found evidence that English proficiency is associated with wage premium, suggesting that employers are willing to pay wage premium for the English language proficiency.
We believe that our research provides some tentative evidence for policy-makers in the V4 region to invest in English teaching. Proficiency in English in the V4 countries currently ranges from 20% in Hungary to 33% in Poland and is thus well below the EU average of 38%. Meanwhile, the knowledge of German varied between 15% in Czechia and 22% in Slovakia and was thus above the EU average of 11%. In this regard, it seems that governments are becoming aware of the importance of foreign language skills. Eurostat data on the number of foreign languages that students learn in school reveal that well over 90% of them learn at least one foreign language in upper secondary education (and in general secondary education students seem to even learn two or more foreign languages) in all four Visegrad countries. In Czechia, Poland and Slovakia over 70% of the students enrolled in primary education learn at least one foreign language.
Nonetheless, it is important to reiterate the caveats of our work. First, it is important to acknowledge that job vacancies are an incomplete measure of labour demand, for several reasons (e.g. not all job openings are advertised as recruitment may occur through internal or informal channels). Secondly, online job boards have additional limitations: not all vacancies may be advertised online and those that are published online could be biased towards specific regions, industries or applicants (Carnevale et al. 2014) . Our results and conclusions, therefore, have to be weighed against these limitations. In other words, we are aware that the structure of the sample might have been biased by its limited focus on online job search and vacancies, so that an extension of our findings the 'offline' labour market may not be clear-cut. At the same time, the use of online vacancy data has been advocated by Kuhn and Skuterud (2004) and Zimmermann (2009, 2015) , who have pointed to its potential as a real-time data source to capture ongoing trends. For an in-depth discussion of the potential and caveats of web data, we also refer to Benfield and Szlemko (2006) , Wright (2012) , Leithart (2013) , Carnevale et al. (2014) and Beblavý et al. (2016c) .
Our paper represents a first effort to exploit innovative data sources to better understand this important topic. While our results are both internally consistent and in line with the literature, we believe additional robustness checks are needed. One issue of our research is that it is based only on a cross-section of crawled data from job portals. Efforts such as the one currently spearheaded by the European Centre for the Development of Vocational Training (Cedefop) to establish a system for continuous data collection across the EU28 are, therefore, crucial. Secondly, the newly added language questions in the WageIndicator survey will eventually result in a valuable source of data on labour market effect of language skills among job holders across the EU. Future research that strengthens the methodological framework in which a sample of vacancies published online is used as an input for labour-related analysis is needed.
Of the four online job boards, only the Slovak portal publishes an information table of all tags. For the other portals, tags were extracted from the repository of terms for the autocomplete function for the vacancy search text by querying the relevant Application Programming Interface (API). Job portals generally have a search textbox, which users can utilsze to look for specific vacancies. This is typically done by typing in the desired occupation. The autocomplete function of the website offers the users suggestions based on entered characters. These suggestions are normally stored in a repository, from which there are delivered by an API. This API can be often easily queried to provide a list of all possible suggestions (See Fig. 5 for an example), using Requests and Beautiful Soup packages in the Python programming language, which was then further also utilised to automatically 
